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REMARKS 

Claims 1-50 and 55-58 were pending in the application. In response to the Examiner's 
Election Requirement of April 28, 2006, Applicant elected Claims 1-8, 10, 11, 13-26, 30-46, 50, 
and 55-57. Accordingly, Applicant withdraws Claims 9, 12, 27-29, 47-49, and 58 from 
examination without prejudice or disclaimer. Claim 34 is canceled without prejudice or 
disclaimer. New Claims 59-66 are added. After entry of this amendment, Claims 1-8, 10, 11, 
13-26, 30-33, 35-46, 50, 55-57, and 59-66 will be pending for examination. 

In the Office Action dated September 25, 2006 the Examiner rejected Claims 1-8, 10, 11, 
13-26, 30-33, 35-46, 50, and 55-57. Applicant respectfully requests the rejection of these Claims 
be reconsidered in light of the foregoing amendments and the following remarks. 

The rejections will be discussed in the order raised by the Examiner. 

35 U.S.C. § 112 REJECTIONS 

The Examiner rejected Claims 2-6, 16, 19-21, 30, 35, 38, and 39 as being indefinite. 
Claims 2 and 19 are amended to clarify the antecedent basis in Claims 2-6 and 19-21 for 
recitations of "said mode locking mechanism." Claim 16 is amended to recite that the laser 
outputs "light." Claim 30 is amended to clarify the antecedent basis for "said ultra-short optical 
pulses." Claim 35 is amended to correct a typographical error and to clarify the antecedent basis 
for "said optical fiber." Claims 38 and 39 are amended to clarify functioning of the mode filter. 
Support for these amendments is at least found in the original Claims as filed. These 
amendments do not narrow the scope of any of the Claims. 

Applicant respectfully requests the Examiner to withdraw the Section 112 rejections of 
Claims 2-6, 16, 19-21, 30, 35, 38, and 39. 

35 U.S.C. $ 102 REJECTIONS 
A. Fermann I 

Claims 1-4, 7, 16-19, 22-26, 30-41, 50, and 55-57 are rejected as anticipated by US Patent 
No. 5,627,848 (Fermann I). Applicant respectfully traverses these rejections. 

Claim 1 recites a laser comprising, among other limitations, "a length of multi-mode 
optical fiber having a cladding and doped with a gain medium and positioned along said cavity 
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axis." The Examiner asserts that "multi-mode optical fibers" include "fibers that guide multi- 
modes, whether through the core or within the cladding" (emphasis added). Applicant respectfully 
disagrees with the Examiner's assertion that a multi-mode fiber includes a fiber with cladding- 
guided multi-modes. As will be discussed further below, at least because Fermann I does not teach 
a multi-mode optical fiber having a cladding and doped with a gain medium, Applicant respectfully 
submits that the Examiner's rejections are improper. 
Single- and Multi-Mode Optical Fibers 

Applicant notes that pursuant to M.P.E.P. § 21 1 1.01, the terms of a claim are to be given 
their "plain meaning," which is "the meaning that the term would have to a person of ordinary 
skill in the art in question at the time of the invention, i.e., as of the effective filing date of the 
patent application." See Phillips v. AWHCorp., 415 F.3d 1303, 1313 (Fed. Cir. 2005) {en banc). 

Applicant respectfully submits that when read in the context of the specification and 
claims a person of ordinary skill would understand a multi-mode optical fiber to refer to an 
optical fiber comprising a core that can support propagation of modes in addition to the 
fundamental mode. The specification teaches that "a fiber is considered multi-mode when the V- 
value exceeds 2.41." See, paragraph [0047]. As is well known in the art, the V-value (or 
normalized frequency) depends on the size of the fiber core (e.g., its radius a) relative to the 
wavelength of light X propagating in the core. 

The Federal Standard FS-1037C (Telecommunications: Glossary of Telecommunication 
Terms), which the Examiner cites on pages 11-12 to show definitions of terms in the 
technological arts, provides the following definition of "normalized frequency (V)" (emphasis 
added): 

normalized frequency (V): 1. In an optical fiber, a dimensionless quantity, V , 
given by 




where a is the core radius, A is the wavelength in vacuum, n \ is the maximum 
refractive index of the core , and n 2 is the refractive index of the homogeneous 
cladding. Note 1: In multimode operation of an optical fiber having a power-law 
refractive index profile, the approximate number of bound modes , i.e., the mode 
volume, is given by 
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where V is the normalized frequency greater than 5 and g is the profile parameter. 
Note 2: For a step index fiber, the mode volume is given by V 2 /2. For single- 
mode operation, V< 2.405. Synonym V number. 

Applicant respectfully points out that the teaching of the specification that multi-mode 
operation occurs for a V- value greater than 2.41 is consistent with the above definition of single- 
mode operation for V less than 2.405 (see, Note 2 above). Therefore, the FS-1037C standard 
shows that single-mode and multi-mode fibers are distinguished by light propagation properties 
of the fiber core and not light propagation within the fiber cladding as asserted by the Examiner. 

The FS-1037C standard provides further support that fiber core modes, and not cladding 

modes, are used to distinguish single- and multi-mode fibers. As indicated in Notes 1 and 2 of 

the above definition, the V-number is related to the number of "bound modes" in the fiber, which 

the FS-1037C standard defines as follows: 

bound mode: In an optical fiber, a mode that (a) has a field intensity that decays 
monotonically in the transverse direction everywhere external to the core and (b) 
does not lose power to radiation. Note: Except for single-mode fibers, the power 
in bound modes is predominantly contained in the core of the fiber. Synonyms 
guided mode, trapped mode, (emphasis added) 

Accordingly, bound modes represent propagating modes in the fiber core, and the number of 
such modes may be used to distinguish single-mode and multi-mode fibers. The number of 
propagating core modes can be determined from the V-number. Applicant respectfully submits 
that the FS-1037C standards clearly show that a person of ordinary skill would understand that a 
"multi-mode fiber" is characterized by the number of propagating core modes and not by the 
number of cladding modes (which the FS-1037C standard states are "undesired"). 

The Examiner cites U.S. Patent No. 4,829,529 (Kafka) to support his assertion regarding 
the scope of the recitation of "multi-mode fiber." Applicant respectfully disagrees with the 
Examiner's characterization of Kafka. The fiber disclosed in Kafka (see, e.g., Figs. 1,2, and 4) is 
known in the art as a doubly-clad (or double-clad) fiber defined by the FS-1037C standard as a 
"single-mode fiber that has two claddings." 
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Additionally, as discussed by Applicant's representatives during the interview, the 
Exhibits presented (copies attached) establish that well-known fiber optic reference sources 
characterize single- and multi-mode fibers by the properties of propagating core modes, not 
cladding modes. Moreover, the Exhibits further establish that single- and multi-mode fibers can 
be defined by the V-value of the core of the fiber. See, e.g., Exhibit 1, p. 10.10; Exhibit 2, p. 
317; and Exhibit 4, p. 116-118. 

In summary, Applicant respectfully submits that the plain meaning of the term "multi- 
mode optical fiber," as used in the specification and claims, is a fiber comprising a core capable 
of propagating optical modes in addition to the fundamental mode. A fiber is considered multi- 
mode if V> 2.405, with V determined by core properties (e.g., core radius). 

Fermann I discloses a double-clad optical fiber comprising a single-mode core . The core 
properties described in column 4, 1. 20-40 result in a V-value of about 2, which is well-below the 
upper limit (2.405) of the single-mode regime. Accordingly, Fermann I discloses a single-mode 
fiber and does not teach or suggest multi-mode fibers as used in the specification and claims. 
Independent Claim 1 

Claim 1 recites a laser comprising, among other limitations, "a length of multi-mode 
optical fiber" and "an optical guide positioned on said cavity axis which confines the light 
amplified by said multi-mode optical fiber to preferentially the fundamental mode of said multi- 
mode optical fiber." As discussed above, Fermann I does not disclose a multi-mode optical fiber 
in a laser. 

Applicant respectfully requests the Examiner to withdraw the rejection of Claim 1 as 
anticipated by Fermann I. 

Independent Claim 55 

Claim 55 recites a method comprising, among other limitations, amplifying "light energy 
within said laser cavity in a bent multi-mode fiber" and "confining said light energy within said 
laser cavity substantially to the fundamental mode of said multi-mode fiber." As discussed 
above, Fermann I does not disclose methods using multi-mode optical fiber. 

For at least this reason, Applicant respectfully requests the Examiner to withdraw the 
rejection of Claim 55 as anticipated by Fermann I. 
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Dependent Claims 

Claims 2-4, 7, 16-19, 22-26, 30-33, 35-41, 50 depend from Claim 1 and Claims 56-57 
depend from Claim 55. The dependent claims include all the limitations of the base independent 
claims, respectively, as well as additional limitations that define the scope of the inventions in 
these dependent claims. Because Fermann I does not disclose all the limitations of independent 
Claims 1 and 55, Applicant respectfully submits that the rejection of the claims depending from 
the independent claims is improper. For at least this reason, Applicant respectfully requests 
withdrawal of the rejection of Claims 2-4, 7, 16-19, 22-26, 30-33, 35-41, 50, 56-57 as anticipated 
by Fermann I. 
B. Wyatt 

Claims 1, 7, 8, 17, 18, 35-39, 46, and 50 are rejected as anticipated by US Patent No. 
5,422,897 (Wyatt). Applicant respectfully traverses these rejections. 

Claim 1 recites, among other limitations, "a pump coupled to said cladding" of a multi- 
mode optical fiber. Wyatt does not disclose pump light coupled to the cladding. In Wyatt, the 
pump light is coupled to the multi-mode core of a single-clad fiber. See, e.g., col. 1, 1. 56-62; 
and col. 4, 1. 52-64. For example, Wyatt teaches that the numerical aperture (NA) of the 
multimode fiber core should large, e.g., by having "as high a value of An [refractive index 
difference between core and cladding] as possible to enable optimum coupling of light from the 
pump source into the multimode fiber." See, col. 1, 1. 59-62 and col. 5, 1. 23-25. It is well 
known in the art that a large NA permits greater coupling of optical energy into the core of a 
single-clad fiber. 

Wyatt also describes the use of a computer generated hologram (CGH) as an optical 
coupling means for coupling the pump power into the multimode fiber. See, col. 6, 1. 2-5. The 
CGH is used to convert the output of the pump (e.g., a laser diode array) "to a focused spot." 
See, col. 1, 1. 53-55. Such a focused spot provides good optical coupling to the core of the fiber. 

Moreover, Wyatt teaches away from coupling pump light to the cladding. For example, 
Wyatt describes an example of a cladding-pumped double-clad fiber in which pump light is 
launched into an elliptical outer core of the fiber. See, col. 2, 1. 3-10. Wyatt describes the 
arrangement as having "an extremely complex structure, which makes fabrication very difficult." 
See, col. 2, 1. 6-7. Performance is "highly dependent on launch conditions" which are described 
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as being "complicated." See, col. 2, 1. 8-10. To avoid these difficulties, Wyatt pumps light into 
the high-NA core of a multi-mode fiber. See, col. 1, 1. 59-62 and col. 5, 1. 23-25. 

Accordingly, Applicant respectfully submits that Wyatt discloses pump light coupled to a 
multi-mode fiber core and does not teach or suggest "a pump coupled to said cladding" as recited 
in Claim 1. For at least this reason, Wyatt does not teach or suggest all the limitations of Claim 
1; therefore, the anticipation rejection of Claim 1 is improper. 

Also, for at least this reason, the rejections of Claims 7, 8, 17, 18, 35-39, 46, and 50, 
which depend from Claim 1 and include further limitations, are improper. Applicant respectfully 
requests withdrawal of the anticipation rejections based on Wyatt. 
C. Fermannll 

Claims 1, 7, 13, 14, 16-18, 22, 23, 25, 30-32, 35-38, 46, and 50 are rejected under 35 
U.S.C. §§ 102(a) and 102(e) as being anticipated by U.S. Patent No. 5,818,630 (Fermann II). 
Applicant respectfully traverses these rejections. 

The inventors of the Fermann II patent are Martin E. Fermann and Donald J. Harter. The 
inventor of the claims of the present application is Martin E. Fermann. Attached to this 
amendment is a declaration by Martin E. Fermann and Donald J. Harter, pursuant to 37 C.F.R. 
§ 1.132, that establishes, to the extent the inventions of Claims 1, 7, 13, 14, 16-18, 22, 23, 25, 30- 
32, 35-38, 46, and 50 are disclosed in U.S. Patent No. 5,818,630, the inventions in these claims 
were not patented "before the invention thereof by the applicant for patent" as required by 35 
U.S.C. § 102(a) and were not "by another" as required under 35 U.S.C. § 102(e). See, also, 
M.P.E.P. 706.02(b). 

Accordingly, based on the attached declaration, Applicant overcomes the Examiner's 
rejection of these claims and requests withdrawal of the rejection based on Fermann II. 

35 U.S.C. S 103 REJECTIONS 

Applicant notes that to establish a prima facie case of obviousness, three basic criteria 
must be met: 

First, there must be some suggestion or motivation, either in the references 
themselves or in the knowledge generally available to one of ordinary skill in the 
art, to modify the reference or to combine reference teachings. Second, there must 
be a reasonable expectation of success. Finally, the prior art reference (or 
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references when combined) must teach or suggest all the claim limitations. 
M.P.E.P. 2143. 

Applicant respectfully submits that the cited references, either alone or in any 
combination, do not, at least, teach or suggest all the limitations of rejected Claims 2-6, 8-11, 13- 
16, 19-26, 30-33, 40-45, and 55-57. Applicant also respectfully submits that the Examiner has 
not identified a suggestion or motivation for combining the references or that there is a 
reasonable expectation of success. For at least theses reasons, Applicant traverses the 
Examiner's Section 103 rejections. 
A. Fermann I 

Claims 5, 6, 8-11, 13-15, 20, 21, and 42-45 are rejected as being unpatentable over 
Fermann I either alone or in various combinations with other cited art. These claims depend 
from and include all the limitations of Claim 1, which recites, among other limitations, "a length 
of multi-mode optical fiber" and "an optical guide positioned on said cavity axis which confines 
the light amplified by said multi-mode optical fiber to preferentially the fundamental mode of 
said multi-mode optical fiber." 

As discussed further above, Applicant respectfully submits that Fermann I discloses only 
a single-mode fiber and does not teach or suggest at least the limitations of Claim 1 (and its 
dependent claims) reciting multi-mode fiber. In the Section 103 rejections, the Examiner relies 
on Fermann I or the other cited references for teaching or suggesting additional limitations of the 
claims, but not as teaching or suggesting use of multi-mode fiber as recited in the claims. 
Accordingly, Applicant respectfully submits the Examiner's obviousness rejections are improper 
at least because the various combinations of cited references do not teach or suggest all the claim 
limitations. The claim rejections will be discussed further below. 

Claims 5. 6. 20. and 21 

These claims stand rejected over Fermann I alone. Since, as previously discussed, 
Fermann I does not teach or suggest multi-mode fiber as recited in these claims, Applicant 
respectfully requests these rejections be withdrawn. 

Claims 8-11. 13-15. and 42-45 

Applicant respectfully submits the Examiner has not established a prima facie 
obviousness rejection of Claims 8-11, 13-15, and 42-45 at least because the Examiner has not 
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identified any teaching or suggestion in any of the cited references (alone or in combination) for 
multi-mode optical fiber as recited in these claims. Accordingly, Fermann I and the other 
references (alone or in combination) do not teach or suggest all the claim limitations, and 
Applicant respectfully requests withdrawal of the rejections of these claims. 

Additionally, Applicant respectfully disagrees with the Examiner's contentions that the 
cited references teach or suggest various other claim limitations. For example, the Examiner 
cites U.S. Patent No. 5,074,633 (Cohen) for teaching fusion splice tapered connection of fibers. 
Applicant notes that Cohen describes a fusion splice between two single-clad fibers, which are 
"typically single-mode fibers." Col. 4, 1. 20-21. Cohen does not teach or suggest, for example, 
fiber connections where "said single-mode mode-filter fiber is fusion spliced onto one end of said 
multi-mode optical fiber" as recited in Claims 8-11. Also, the Examiner cites the Goldberg 
reference for teaching v-groove side pumping. However, Goldberg teaches forming a v-groove on 
a fiber having a single-mode core (see, p. 208) and not "a v-groove on said multi-mode optical fiber 
for coupling said pump to said multi-mode fiber." 
B. Wyatt 

Claims 2-6, 9-11, 13-16, 19-26, 30-33, 40-45, and 55-57 are rejected as being 
unpatentable over Wyatt in combination with other cited references. Applicant respectfully 
traverses these rejections. 

Claims 2-6. 9-11. 13-16. 19-26. 30-33. and 40-45 

These claims depend from and include all the limitations of Claim 1 as well as other 
limitations which further define the scope of the inventions in these claims. Claim 1 recites, 
among other limitations, "a pump coupled to said cladding" of a multi-mode optical fiber. As 
discussed above, Applicant respectfully submits that Wyatt discloses coupling pump light to a 
multi-mode fiber core and does not teach or suggest "a pump coupled to said cladding" as recited 
in Claim 1 . 

Applicant respectfully submits the Examiner has not established a prima facie 
obviousness rejection of Claims 2-6, 9-11, 13-16, 19-26, 30-33, and 40-45 at least because the 
Examiner has not identified any teaching or suggestion in any of the cited references (alone or in 
combination) for a pump coupled to the cladding of a multi-mode optical fiber as recited in these 
claims. Accordingly, Wyatt and the other references (alone or in combination) do not teach or 
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suggest all the claim limitations, and Applicant respectfully requests withdrawal of the rejections 
of these claims. 

Additionally, Applicant respectfully disagrees with the appropriateness of the Examiner's 
combination of the cited references. As noted above, there must be a suggestion or motivation to 
combine the references as well as a reasonable expectation of success. 

For example, regarding Claims 2-6, 19-21, and 30, the Examiner cites the combination of 
Wyatt, Fermann I, and an article to DeSouza. Applicant agrees with the Examiner that Wyatt 
does not teach or suggest modelocking. However, Applicant respectfully submits that the 
Examiner has not established a suggestion or motivation to combine the references, or that, even 
if combined, there would be a reasonable expectation of success. For example, to the extent that 
Fermann I and DeSouza disclose modelocking, it is in the context of single-mode fibers and not 
multi-mode fibers as recited in this application's claims. The present application teaches that the 
stability of modelocked depends critically on minimizing spurious reflections in the oscillator, 
which are conceptually equivalent to mode-coupling in multi-mode fibers. See, paragraphs 
[0030] -[0031]. The application also teaches that mode-coupling of higher order modes in a 
multi-mode fiber also suppresses mode-locking. Id.; see, also, Fermann I, col. 5, 1. 38-60. In 
fact, as of the filing date of the application, modelocking of a multi-mode fiber was considered 
"impossible." See, paragraph [003 1 ] . 

Accordingly, Applicant respectfully submits that the Examiner has not identified why a 
person of ordinary skill would be motivated to combine any possible teachings of Fermann I and 
DeSouza regarding modelocking in a single-mode fiber to the more difficult problem of 
modelocking in a multi-mode fiber. Additionally and for the sake of argument only, even if the 
references are combined, the Examiner has not demonstrated that any combined teachings 
relevant to modelocking in single-mode fibers will provide a reasonable expectation of success 
for modelocking in multi-mode fibers. 

Claims 55-57 

The Examiner rejects Claims 55-57 based on Wyatt in view of Fermann I or Kim (U.S. 
Patent No. 4,832,437). Independent Claim 55 is a method including, among other limitations, 
"amplifying said light energy within said laser cavity in a bent multi-mode fiber." The Examiner 
admits that Wyatt does not disclose bending the multi-mode fiber. Applicant respectfully 

-19- 



Appl. No. 
Filed 



09/785,944 
February 16, 2001 



submits that Wyatt strongly teaches away from bending multi-mode fiber, because bent multi- 
mode fiber causes "significant coupling of power into higher order modes." Col. 7, 1. 4-5 and 57- 
60. Such mode coupling makes it "difficult to control the amount of optical energy that exists in 
any single mode at any given time." Col. 6, 1. 67-68. To avoid mode-coupling, the multi-mode 
fiber in Wyatt is "nominally straight" and has a length of at most one meter. Col. 7, 1. 1-5 and 
57-60. Wyatt states that any imperfections in the fiber can cause intermode coupling and greatly 
reduce the length the fundamental mode can travel without coupling to higher order modes. Col. 
7, 1. 60-66. Thus, a person of ordinary skill would read Wyatt as disclosing, at most, use of very 
short lengths of very straight multi-mode fiber to avoid coupling optical energy into higher order 
modes. 

Applicant notes that if the proposed modification or combination of the prior art would (i) 
change the principle of operation of the prior art invention being modified or (ii) would render 
the prior art invention being modified unsatisfactory for its intended purpose, then the teachings 
of the references are not sufficient to render the claims prima facie obvious. M.P.E.P. 2143.01. 
The proper inquiry is "whether there is something in the prior art as a whole to suggest the 
desirability, and thus the obviousness, of making the combination." M.P.E.P. 2143.01 (emphasis 
in original). 

Applicant respectfully submits that bending the straight, multi-mode fiber in Wyatt would 
cause coupling of energy into high order modes and thereby change Wyatt' s principle of 
operation and intended purpose to enable stimulated emission "in only the fundamental mode." 
See, Wyatt Abstract (emphasis added). Additionally, Wyatt' s teaching that multi-mode fiber 
should be straight (e.g., to avoid intermode coupling) strongly suggests that bent multi-mode 
fiber is undesirable. Accordingly, a person of ordinary skill would not be motivated to combine 
the teachings of Wyatt with any references (including, e.g., Fermann I and/or Kim) teaching or 
suggesting bending the optical fiber. Therefore, for at least this reason, Applicant respectfully 
submits that the Examiner has not established a prima facie case of obviousness for independent 
Claim 55. 

Applicant notes that if "an independent claim is nonobvious under 35 U.S.C. 103, then 
any claim depending therefrom is nonobvious." M.P.E.P. 2143.03, citing In re Fine, 837 F.2d 
1071, 1076 (Fed. Cir. 1988). Accordingly, Applicant respectfully submits that for at least this 
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reason the obviousness rejections of Claims 56 and 57, which depend from independent Claim 
55, are improper. 

Additionally, Applicant respectfully disagrees with the appropriateness of the Examiner's 
combination of the cited references. For example, Fermann I discloses bending a fiber with a 
single-mode core to reduce environmentally-induced nonlinear polarization changes in the fiber. 
Since the Examiner admits that Wyatt does not disclose bending a multi-mode fiber, the 
combination of Wyatt and Fermann I, even if appropriate, does not teach or suggest at least a 
bent multi-mode fiber as recited in Claims 55-57. 

The Examiner further contends that Kim discloses coiling multi-mode fiber to strip light 
in higher order modes without stripping light in the fundamental mode. Applicant respectfully 
points out that to the extent Kim teaches or suggests a coiled multi-mode fiber as a mode 
stripper, the coiled multi-mode fiber is not disposed "within said laser cavity" (see, e.g., Fig. 9). 
Also, Kim does not teach or suggest that the mode stripper may be used for "confining said light 
energy within said laser cavity substantially to the fundamental mode of said multi-mode fiber" as 
recited in Claims 55-57. Accordingly, the combination of Wyatt and Kim does not teach or suggest 
each of the limitations in Claims 55-57. 

Moreover, Applicant points out that rather than disclosing apparatus or methods usable with 
a laser or a laser cavity, Kim discloses an inter-propagation mode frequency shifter for an optical 
signal in a fiber. See, e.g., Abstract; Summary of the Invention, col. 2, 1. 28-34; col. 5, 1. 20-26; 1. 
52-57. Kim's disclosure does not relate to laser but rather to devices such as fiber optic gyros. See, 
col. 1, 1. 25. Applicant respectfully submits that the Examiner has not identified a suggestion or 
motivation why a person of ordinary skill would combine Wyatt's teaching on lasers with Kim's 
teachings on frequency shifters for gyros or, even if combined, why there would be a reasonable 
expectation of success. 

Additionally, Kim discloses coiling a single-clad, double-mode fiber (col. 19, 1. 40) "to 
strip light propagating in the second order mode from the fiber without affecting the light 
propagating in the first order mode." Col. 5, 1. 36-45 (emphasis added). Applicant respectfully 
submits that one of ordinary skill would recognize that a general multi-mode fiber typically has a 
much higher level of mode coupling than is present in Kim's double-mode fiber. For example, 
certain multi-mode fibers usable with the present invention are capable of propagating from 3 to 
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3000 modes. See, present application, paragraph [0047] as amended; Fermann II, col. 7, 1. 12-14. 
Therefore, even assuming that it is appropriate to combine Wyatt's teaching of a straight multi- 
mode fiber with Kim's teaching of a coiled mode-stripper for second-order modes, the Examiner 
has not established that the combination provides a reasonable expectation of success for 
stripping higher-order modes, which may number in the thousands. Thus, the proposed 
combination of Wyatt and Kim at least does not teach or suggest "confining said light energy 
within said laser cavity substantially to the fundamental mode of said multi-mode fiber." 
Accordingly, Applicant respectfully submits the combination of Wyatt and Kim is improper. 

The Examiner admits that Wyatt in view of Fermann I or Kim does not disclose mode 
locking light energy as recited in Claim 56. The Examiner contends that Fermann I discloses 
modelocking; however, as discussed above, to the extent Fermann I discloses modelocking, it is 
in the context of single-mode fibers and not multi-mode fibers as recited in Claim 56. 
Accordingly, not only does the combination of references fail to teach or suggest all the claim 
limitations, a person of ordinary skill would have no motivation to combine these references in 
order to achieve modelocking in multi-mode fibers, which, as of the filing date, was considered 
to be "impossible" as discussed above. 

DOUBLE PATENTING 

The Examiner has rejected Claims 1-8, 10, 11, 13-26, 30-33, 35-46, 50, and 55-57 on the 
ground of nonstatutory obviousness-type double patenting with respect to the Fermann II patent 
(U.S. Pat. No. 5,818,630) and the Fermann III patent (U.S. Pat. No. 6,275,512). Applicant 
respectfully disagrees that any of the claims of the present application are anticipated by, or 
would have been obvious over, the claims of either the Fermann II or Fermann III patents. 

Applicant notes that nonstatutory double patenting requires a comparison of earlier claims 
to later claims and not a comparison of the disclosures. "Because nonstatutory double patenting 
compares earlier and later claims, an earlier patent's disclosure is not available to show 
nonstatutory double patenting. Of course, the earlier patent's disclosure may register on the 
patentability scale if that patent qualifies as prior art under 35 U.S.C. § 102, which is generally 
not the case." See, Geneva Pharmaceuticals, Inc. v. GlaxoSmithKline PLC, 349 F.3d 1373, 
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1385 (Fed. Cir. 2003); see, also, In re Vogel, 422 F.2d 438, 441 (CCPA 1970) ("the patent 
disclosure may not be used as prior art.). 

Moreover, in analyzing possible double patenting, claims must be read "as a whole," with 
every limitation being material. See, General Foods Corp. v. Studiengesellschaft Kohle mbH, 
972 F.2d 1272, 1278, 1280 (Fed. Cir. 1992). "[I]t is important to bear in mind that comparison 
can be made only with what invention is claimed in the earlier patent, paying careful attention to 
the rules of claim interpretation to determine what invention a claim defines and not looking to 
the claim for anything that happens to be mentioned in it as though it were a prior art reference." 
Id. at 1280 (emphasis in original). There can be no double patenting if the inventions defined in 
the claims are patentably distinct. Id. at 1278. 

Fermann II 

As discussed above, Applicant notes that Fermann II is not prior art under 35 U.S.C. 
§ 102, because the claims of the present application derive from the work of Martin E. Fermann, 
a co-inventor of the Fermann II patent (see attached 1.132 declaration). Therefore, only the 
claims, and not the disclosure, of the Fermann II patent are available for the nonstatutory 
obviousness-type double patenting analysis. 

The Examiner asserts that Claim 25 of Fermann II anticipates Claim 1 of the present 
application. Applicant respectfully submits that Claim 25, which is directed to an optical 
amplification system, defines a different invention than Claim 1, which is directed to a laser. For 
at least this reason, the double patenting rejection is improper. Additionally, Applicant notes that 
Claim 25 does not disclose all the limitations of Claim 1, such as, for example, "a cavity which 
repeatedly passes light energy along a cavity axis." Accordingly, Claim 25 of Fermann II does not 
anticipate Claim 1 of the present application. 

Applicant further submits that the other claims of Fermann II do not define the same 
inventions (or an obvious variant) as defined in the claims of the present application. For example, 
Claim 1 recites "a pump coupled to said cladding [of a multi-mode fiber] for exciting said gain 
medium," which is not taught or suggested by the inventions defined by the Fermann II claims. 

The Examiner asserts that Claim 25, "modified (and motivated) by the prior art applied 
above (under the 102 and 103 rejections), if necessary, renders obvious the remaining claims." 
Applicant respectfully submits that the Examiner's mere assertion of obviousness, without 
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additional evidence, cannot establish a prima facie case of nonstatutory obviousness-type double 
patenting. See, In re Kaplan, 789 F.2d 1574, 1580 (Fed. Cir. 1986) ("there must be some clear 
evidence to establish why the variation would have been obvious"). 

Accordingly, Applicant respectfully contends that the Examiner has not shown that the 
claims of the present application are anticipated by or rendered obvious over the claims of 
Fermannll. Applicant respectfully submits that the claims of the present application define 
inventions that are patentably distinct from the inventions defined in the Fermann II claims and 
respectfully requests the Examiner to withdraw the double patenting rejection based on the 
Fermann II patent 

Fermann III 

The present application is a continuation of the application which issued as the 
Fermann III patent. Both the application and the patent have the same inventor: Martin E. 
Fermann. Therefore, the Fermann III patent is not Section 102 prior art to the present application 
and, for reasons similar to those discussed above for Fermann II, the disclosure of the Fermann 
III patent cannot be used as prior art in the nonstatutory obviousness-type double patenting 
analysis. 

The Examiner asserts that Claim 1 of Fermann III modified (and motivated) by Fermann I 
to include a mode filter would render obvious Claim 55 of the present application. The 
Examiner also asserts that the other application claims would be obvious in view of the cited art 
(without providing any evidence or analysis). 

Applicant respectfully notes that Claims 1-4 of Fermann III (the only claims in the patent) 
are directed to methods of generating ultra-short pulses (with peak power above lkW), whereas 
Claims 55-57 are directed to continuous wave (cw) methods. Accordingly, the inventions 
defined by the claims of Fermann III and the present application are patentably distinct, because 
it is well recognized by persons of ordinary skill that pulsed and continuous wave optical 
amplification methods are substantially different. Additionally, Applicant submits that the 
double patenting rejections of Claims 1-8, 10, 11, 13-26, 30-33, 35-46, and 50 of the present 
application are improper. These claims define inventions of laser apparatus and are clearly 
patentably distinct from the ultra-short pulse generation method inventions defined by the 
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Fermann III claim, which are in an entirely different statutory class of invention. For at least 
these reasons, the double patenting rejection based on Fermann III is improper. 

Applicant further submits that the combination of the Fermann III claims and the 
Fermann I patent is not appropriate. As discussed above, Fermann I discloses a single-mode 
fiber and does not teach or suggest multi-mode fibers as recited in the present application's 
claims. The Examiner has not identified a suggestion or motivation to combine these references 
or that the combination would give rise to a reasonable expectation of success. Moreover, 
Applicant submits that, even if combined, the combination does not teach or suggest at least all 
the limitations of Claims 55-57, such as, for example, "amplifying said light energy within said 
laser cavity in a bent multi-mode fiber." 

Accordingly, Applicant respectfully contends that the Examiner has not shown that the 
claims of the present application are anticipated by or rendered obvious over the claims of 
Fermann III in view of the cited art. Applicant respectfully submits that the claims of the present 
application define inventions that are patentably distinct from the inventions defined in the Fermann 
III claims and respectfully requests the Examiner to withdraw the double patenting rejection 
based on the Fermann III patent. 

AMENDMENT TO THE SPECIFICATION 

Applicant amends the first paragraph of the section entitled "DETAILED DESCRIPTION 
OF THE PREFERRED EMBODIMENT" (paragraph [0047] as published) as indicated herein. 
The added material relates to the V-value and number of propagating modes in multi-mode fiber 
and is taken verbatim from U.S. Patent No. 5,818,630 (Fermann II), which is incorporated by 
reference in paragraph [0009] of the present application. The material added from Fermann II 
includes one sentence from col. 3, 1. 12-15 and one sentence from col. 7, 1. 12-14. No new matter 
is added by this amendment. 

NEW CLAIMS 

New claims 59-66 are added herein. Support for these claims is found at least in 
paragraph [0047] as amended herein. No new matter is added. 
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SUMMARY 

Accordingly, Applicant respectfully submits that all of the pending claims are in 
condition for allowance and requests the present application be passed to issue. 

By making the foregoing amendments and remarks and by focusing on specific claims 
and claim limitations in the discussion above, Applicant does not imply agreement with the 
positions set forth in the Office Action regarding other claims or claim limitations or the 
teachings of the cited art. Applicant also does not imply agreement with the positions in the 
Office Action that various combinations of the cited art are suggested or motivated by the prior 
art, have a reasonable expectation of success, or teach or suggest all the claim limitations. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 1 1-1410. 



Respectfully submitted, 



KNOBBE, MARTENS, OLSON & BEAR, LLP 




Steven P. Ruden, Ph.D. 
Registration No. 53,538 
Attorney of Record 
Customer No. 20,995 
(949) 760-0404 



Attachments: Exhibits 1-5 



Declaration under 37 C.F.R. § 1.132 of Martin E. Fermann and Donald J. Harter 
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published several books on fiber optics. The interested reader is referred to the "Further 
Reading" section at the end of this chapter for additional reference material. 

Optical fiber science and technology relies heavily on both geometrical and physical' 
optics, materials science, integrated and guided-wave optics, quantum optics and optical 
physics, communications engineering, and other; disciplines. Interested readers are referred 
to other chapters within this collection for additional information on many of these topics. 

The applications which are discussed in detail in this chapter are limited to information 
technology and telecommunications. Readers should, however, be aware of the tremen- 
dous activity and range of applications for optical fibers in metrology and medicine. The 
latter, which includes surgery, endoscopy, and sensing, is an area of tremendous 
technological importance and great recent interest. While the fiber design may be quite 
different when optimized for these applications, the general principles of operation remain 
much the same. A list of references which are entirely devoted to optical fibers in medicine 
is listed in "Further Reading". 



70.3 PRINCIPLES OF OPERATION 



The optical fiber falls into a subset {albeit the most commercially significant subset) of 
structures known as dielectric optical waveguides. The general principles of optical 
waveguides are discussed elsewhere in Chap. 6 of Vol. II, "Integrated Optics"; the optical 
fiber works on principles similar to other waveguides, with the important inclusion of a 
cylindrical axis of symmetry. For some specific applications, the fiber may deviate slightly 
from this symmetry; it is nevertheless fundamental to fiber design and fabrication. Figure 1 
shows the generic optical fiber design, with a core of high refractive index surrounded by a 
low-index cladding. This index difference requires that light from inside the fiber which is 
incident at an angle greater than the critical angle 




(1) 



be totally internally reflected at the interface. A simple geometrical picture appears to 
allow a continuous range of internally reflected rays inside the structure; in fact, the light 
(being a wave) must satisfy a self-interference condition in order to be trapped in the 
waveguide. There are only a finite number of paths which satisfy this condition; these are 
analogous to the propagating electromagnetic modes of the structure. Fibers which support 
a large number of modes (these are fibers of large core and large numerical aperture) can 
be adequately analyzed by the tools of geometrical optics; fibers which support a small 




lal (b) 
FIGURE 1 (a) Generic optical fiber design, (b) path of a ray propagating at the geometric angle for 
total internal reflection. 
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FIGURE 4 Classification of geometrical ray paths in an 
optica! fiber, (a) Meridional ray; (i) leaky ray; (c) ray 
corresponding to a cladding mode; (d) skew ray. 



laser-fiber coupling. A larger core and larger numerical aperture will, in general, yield a 
higher coupling efficiency. Coupling between fibers which are mismatched either in core or 
numerical aperture is difficult and generally results in excess loss. 

The final concept for which a geometrical construction is helpful is ray classification. 
Those geometrical paths which pass through the axis of symmetry and obey the 
self-interference condition are known as meridional rays. There are classes of rays which 
are nearly totally internally reflected and may still propagate some distance down the fiber. 
These are known as leaky rays (or modes). Other geometrical paths are not at all confined 
in the core, but internally reflect off of the cladding-air (or jacket) interface. These are 
known as cladding modes. Finally, there exists a class of geometrical paths which are 
bound, can be introduced outside of the normal numerical aperture of the fiber, and do not 
pass through the axis of symmetry. These are often called skew rays. Figure 4 illustrates 
the classification of geometrical paths. 

Geometrical optics has a limited function in the description of optical fibers, and the 
actual propagation characteristics must be understood in the context of guided-wave 
optics. For waveguides such as optical fibers which exhibit a smali change in refractive 
index at the boundaries, the electric field can be well described by a scalar wave equation, 

V 2 V(r, 9, z) + k 2 0 r\rMr, 6,z)=Q (2) 

the solutions of which are the modes of the fiber. W(r, 6, z) is generally assumed to be 
separable in the variables of the cylindrical coordinate system of the fiber: 

W(r,e,z)=R(r)&(6)Z(z) (3) 



d 2 R IdR ( , , , m 2 \ 

in which m denotes the azimuthal mode number, and /3 is the propagation constant. The 
solutions must obey the necessary continuity conditions at the core-cladding boundary. In 
addition, guided modes must decay to zero outside the core region. These solutions are 
readily found for fibers having uniform, cylindrically symmetric regions but require 
numerical methods for fibers lacking cylindrical symmetry or having an arbitrary index 
gradient. A common form of the latter is the so-called a-profile in which the refractive 
index exhibits the radial gradient 4 
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TABLE 1 Normalized Variables in the Mathematical Description 



JV(r)r«fr 



of Optical Fibers 


Symbol 


Description 




Vacuum wave vector 




Core radius 


"o 


Core index 




Cladding index 


0=/3' + i0" 


Mode propagation constant 




Fiber attenuation 




Effective index of mode 




Normalized core-cladding 




index differences 




Normalized frequency 




Normalized effective index 


/« 


Gradient-index 


shape factor 


f/(r)W 2 (r)rdr 

r 


Profile parameter 


(r = 1 for step-index) 



of 1 3 to 1.55 am. Shorter wavelengths will typically support two or more modes, resulting 
in significant intermodal interference at the output. In order to guarantee single-mode 
performance, it is important to determine the single-mode cut-off wavelength for a given 
fiber. Normalized variables allow one to readily determine the cut-off wavelength and 
dispersion limits of a fiber using universal curves. . 

The normalized variables are listed in Table 1 along with the usual designations for 
fiber parameters. The definitions here apply to the limit of the "weakly guiding fiber ot 
Gloee 7 for which A « 1. The cutoff for single-mode performance appears at a normalized 
frequency of V =2.405. For values of V greater than this, the fiber is multimode. The 
practical range of frequencies for good single-mode fiber operation lie in the range 

1.8<V<2.4 (") 
An analytic approximation for the normalized propagation constant b which is valid for 
this range is given by 

,G0»(l-1.1428-°f^ CU) 

Operation close to the cutoff V = 2.405 risks introducing higher-order modes if the fiber 
parameters are not precisely targeted. A useful expression which applies to step-index 
fibers relates the core diameter and wavelength at the single-mode cutoff: 

u-a^ (13) 
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EXHIBIT 3 



TOOLS 
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fiber Optics 

Highly Doped Ytterbium Fibers 

aspic \b2000 family of very highly doped ytterbium Ebers is designed 
sqf must, such as advanced pulsed applications or applications where nc 
agjjekki s Direct Nanoparticle Deposition (DND) technology, seek to 

/^b200o5/125 ""' 
Ueicki Yb2000-4/125 is a very highly doped ytterbium fiber for J< 
moise, low non-lmeanty preamplifiers and lasers. Its telecom like, 
geometry makes the fiber compatible with low cost pump diodes 
and standard single mode passive fibers. 



applications where extremely short fiber applic 
effects must be minimized. These fibers, fabric 
the doping density without sacrificing useabihry 



Optical Characteristics; 

H Peak absorption at 976nm: 2000 i 2Q0dB/m 

9 Peak absorption at 920rim: 600 4 60dB/rh 
. ■■ Modc.field diametcr.at 1060am; 4.4 ± Q.8un 

a Core numerical aperture: 0.2 ± 0.02 . 

a. Fiber, cutoff wavelengdi;<92Qnrn . 

Geometrical Characteristics; 

9 MDE concentricity: error: < 0:7pm . 

H Cladding diameter: 125 ± 2urn 
. S Coating diameter: 245 :± 15pm 



BBS 



Yb2000-6/125DC 

: Liekki Yb2000-6/125DC is a very highly doped ytterbium double 
.clad fiber for low cost single mode lasers and preamplifiers in the 
1 ... 1 0 W output power range. Its telecom like geometry makes the 
fiber compatible with low cost pump diodes and standard single 
mode passive fibers. 



Optical Characteristtcsj 

0 Cladding absorption at 976nm (nominal): 5 < B/ 

« Cladding absorption at 920nm: 1.5 ± 0.5dB/ 

0 Mode field diameter at 1060nm: 6.7 ± 0.8prr 

® Core numerical aperture: 0.12 ± 0.02 

Geometrical Characteristics; 

E Cladding diameter: 125 ± 2pm 

H Cladding numerical aperture: > 0.46 

S Coating diameter: 245 ± 1 5pm 

H Coating material: low index polymer 



(^Yb2000-30/400DC 
::Yb2000-30/400DC is very highly doped large mode area double 

clad fiber for high power fiber applications. High absorption makes 
: this fiber ideally suited for pulsed applications, as fiber application 

lengths can be dramatically shortened. This fiber has high power 

tolerance and good beam quality. 



Optical C 

H Cladding absorption at 976nm (nominal): 10 L/r 

a Cladding absorption at 920nm: 3 ± 0.5dB/m 

0 Core numerical aperture: 0.07 ± 0.01 

Geometrical Characteristics: 

S Cote diameter; 30 ± 3pm 

0 Cladding diameter: 400 ± 15pm 

S Cladding numerical aperture: > 0.46 

S Coating diameter: 500 * 15pm 

S Coating material: low index polymer 



^ngle mode Yb doped fiber specifications 



r 




-SET 


MIO 
r-KSOnm 


vv 

C ORL 


CLADDING 

nrAMr.rni 


£££ 


CLADDINC 


(VIPOO 1/125 


1200± 200dB/m 


300 ± 50dB/m 


4.4 ± 0.8pm 




125 ± 2pm 


245 ± 15pm 




^2000-4/17.5 


2000± 200dB/m 


600 ± fiQdB/m 


4.4 i 0.8pm 




125 * 2pm 


245 1 15pm 




[flPOUO 6/P5DC 
[*bP00 10/P5DC 


7dB/m (nominal)} 


1.5±0.5dB/m 
1.7±0.5dB/m 


10.5 ± liim 




125* 2pm 


245 ± !5pm 





^Wultimode Yb do ped fiber sp ecifications 



>i00n-30/'!OODC 



PRICE SCHEPULE-Call For Quantities Over 250m 





PltlCE/m 






« ~. 




AT>2(100-4/125 


1 to 9m 


$190.00 




. ■ €190.00 ■ 


V 2 




$150.00 


■ ■ £105.00.: 


■ e iso.oo :. 


V 25 


50 ro249tn 


CALL. 


CALL 


CALL 


CALL 


Vli2000.fi/I25DC 


1 co9m 




.-. • • :£ 154.0a 


€ 220 00 


V 37400 




; $175.00 . 


£122.53 


• 6 175.00 


¥• 29 7p0 


50-249m 




7:- : :::-:v.eALLv::-. , . i - 


CALL 


' . CALL 


il)20UO-30AiOODC 




$560.00 . . 


V £392.00 


-.-.."'■'€ 560.00 


¥ .95 200 


10to49m 


$450.00 


. £115.00 ■ 


€ 450.00 


¥ 76500 


50 to249m 


CALL \ 


.; CALL 


■ CALL 


CALL 
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